Effects of ametryn on mutagenicity (Tradescantia pallida) and cell viability (Saccharomyces cerevisiae) by Régo, Ana Paula Justiniano et al.
Brazilian Journal of Technology 
 
Braz. J. Technol., Curitiba, v. 1, n. 2, p. 288-296, oct./dec. 2018. ISSN 2595-5748 
288  
Effects of ametryn on mutagenicity (Tradescantia pallida) and cell viability 
(Saccharomyces cerevisiae) 
 
 
Recebimento dos originais: 17/09/2018 
Aceitação para publicação: 30/09/2018 
 
 
 
Ana Paula Justiniano Régo 
Doutora em Ciências Biológicas, pela Universidade Estadual Paulista "Júlio de Mesquita". 
Instituição: Centro de Energia Nuclear na Agricultura, Universidade de São Paulo. 
Endereço: Av. Centenário, 303. Bairro: São Dimas. Piracicaba, SP. 
e-mail: justiniano@usp.br 
 
 
Kassio Ferreira Mendes 
Doutor em Ciências, Energia na Agricultura, pelo Centro de Energia Nuclear na Agricultura, 
Universidade de São Paulo. 
Instituição: Centro de Energia Nuclear na Agricultura, Universidade de São Paulo. 
Endereço: Av. Centenário, 303. Bairro: São Dimas. Piracicaba, SP. 
e-mail: kassio_mendes_06@hotmail.com 
 
 
Ederio Dino Bidoia 
Doutor em Ciências, pela Universidade Federal de São Carlos. 
Instituição: Universidade Estadual Paulista "Júlio de Mesquita. 
Endereço: Av. 24 A. Bairro: Bela Vista, Rio Claro, SP. 
e-mail: ederio@rc.unesp.br 
 
 
Valdemar Luiz Tornisielo 
Doutor em Tecnologia Nuclear pela Universidade de São Paulo. 
Instituição: Centro de Energia Nuclear na Agricultura, Universidade de São Paulo. 
Endereço: Av. Centenário, 303. Bairro: São Dimas. Piracicaba, SP. 
e-mail: vltornis@cena.usp.br 
 
 
 
 
ABSTRACT 
On this of uses of organic compounds, for various purposes, it is necessary to understand their effects 
on the environment. Thus, the use of ecotoxicological assays has helped to understand the 
interferences of these molecules in the test organisms. The herbicide ametryn is widely used in 
sugarcane crops, with great efficiency in the control of broadleaf weeds. However, it is moderately 
soluble in water and persistent in the environment and may remain in the ecosystem for a long time. 
Thus, this work aimed to evaluate the effects of ametryn on the cellular viability of Saccharomyces 
cerevisiae and the mutagenic effects on Tradescantia pallida. In the S. cerevisiae assays, ametryn 
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solutions added to the yeast suspension were used. After the incubation period, live cells were 
quantified to calculate cell viability. For the analysis of the mutagenic effects, soil contaminated by 
ametryn was used as well as some treatments as a form of bioaumentation, with addition of microbial 
consortium and biostimulation with addition of surfactant. S. cerevisiae was less sensitive to ametryn, 
despite being a low cost and easy to perform assay. However, T. pallida showed to be very sensitive 
to the herbicide, both in the contaminated soil and only by the ametryn solution. The treatments used 
were effective in decreasing the frequency of micronucleus appearance. Thus, it is necessary to use 
multiple tools in order to assess the effects of organic compounds on the environment as well as to 
take mitigating measures to reduce and / or reverse the harmful effects on biota. 
 
Keywords: ecotoxicity, soil, herbicide 
 
 
1. INTRODUTION 
 
 The test organism Saccharomyces cerevisiae represents a widely used and consolidated 
eukaryotic model. This is experimental development in the development of biological 
biotechnological, biological growth and economically feasible in laboratory conditions. In addition, 
the pH scale and ionic strength, the series of ads in the environment, and possesses the possibility of 
increased animal testing, since yeast was proposed for the use of environmental solutions 
(BRACONI, BERNARDINI and SANTUCCI, 2016). 
 Because it has distinct metabolic pathways, comparison with human cells is not always 
possible, as is the difficulty in identifying systemic adverse effects (BRACONI, BERNARDINI and 
SANTUCCI, 2016; RUMLOVA and DELEZALOVA, 2012). Thus, the use of yeast in toxicological 
studies, allows the evaluation of the effects of xenobiotics from the environmental perspective 
(BRACONI, BERNARDINI and SANTUCCI, 2016). 
Another test organism with great sensitivity to environmental contaminants is the 
Tradescantia pallida, as a form of environmental biomonitoring (TEIXEIRA and BARBÉRIO, 
2012). Inicialmente foi utilizada por Ma (1981) in trials involving genetic action and chemical 
compounds, being classified as sensitive for the detection of mutagenic compounds in air (MA, 1981; 
MA, 1983). 
All parts of the T. pallida plant can be used in environmental assessments, with the 
micronucleus assay being the most used (MIELLI, 2008). 
This assay is very sensitive and suitable for the detection of contaminants. The micronuclei 
are formed from the cell of the pollen grains being exposed to the contaminant. Such micronuclei are 
the result of chromosomal portions, which were lost during cell division, not being included in the 
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nucleus of the new cell formed, remaining in the cytoplasm (LEITE, ZANDONATO and 
FLUMINHAN, 2013).  
Often, environmental factors act on the chromosomal alterations, and can link the appearance 
of structural damages of aneuploidy, with the action of environmental contaminants (MA, 1983; 
LEITE, ZANDONATO and FLUMINHAN, 2013). 
 One of the xenobiotics with medium persistence in the environment and with great efficiency 
in the fight against weeds, is the ametryn herbicide. This is applied in surgacane crops to control 
annual plants and broad leaves. It has moderate toxicity of aquatic and terrestrial organisms, since it 
can remain for a long time in fractions of water (PPDB, 2018).  
 In view of the negative effects of the application of ametryn in cultures, it is necessary to 
evaluate its potential toxicity for a larger range of organisms. Thus, the objective of this work was to 
evaluate the toxic potential of ametryn for the organism S. cerevisiae and for T. pallida in order to 
understand the possible effects from an environmental perspective. 
 
2. MATERIAL AND METHOD 
In the evaluation of the acute toxicity of the ametryn herbicide the concentrations 1, 10, 25, 
50, 75 e 100 mg/mL. Acute toxicity test was performed with the organism S. cerevisiae, from organic 
yeast Fleischman Royal®, of commercial use. 
One tablet of 50.00 g of yeast was used and suspended in 100.0 mL of deionized water. With 
the aid of a centrifuge Excelsa Baby I – FANEM, for 5 min to 6000 rpm (2.314 g), the mixture was 
centrifuged twice to remove impurities from the formed pellets. The centrifugation process was 
repeated three times. The assay was based on Régis and Bidoia (2001). 
 In test tubes, 1.0 ml of the S. cerevisiae suspension and 9.0 mL of the samples to be analyzed 
were added. The tubes were shaken and incubated in SOLAB BOD for 120 hours at 28 °C. After this 
period, cell viability was analyzed by counting the cells in a Neubauer chamber using an Axioskop 
40 - ZEISS microscope, stained with erythrosine. Was doluted 1.0 ml of erythrosine solution in 50 
ml of 0.2 M NaH2 PO4 buffer solution. Were used and homogenized 1.0 ml of this standard solution 
and 1.0 ml of the cell suspension. For the counting of the cells a 100 μL aliquot of the mixture was 
used in the Neubauer chamber, differentiating the living cells (green color) from the dead cells 
(reddish color). The following formula was used to calculate the percentage of cell viability (Equation 
1). 
 
% 𝑉𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  
𝑙𝑖𝑣𝑒 𝑐𝑒𝑙𝑙𝑠
𝑡𝑜𝑡𝑎𝑙 𝑐𝑒𝑙𝑙𝑠
              (1) 
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3. MUTAGENICITY ASSAY WITH T. pallida  IN THE PRESENCE OF AMETRYN 
 
In order to evaluate the mutagenic effects that ametryn may cause in T. pallida, soil 
contaminated by the herbicide was used and some treatments were carried out, such as the addition 
of microbial consortium adapted to the presence of ametryn and addition of surfactant as a form of 
biostimulation of the microbial, in order to evaluate the frequency of micronucleus appearance even 
after the 132 incubation's days of the soil in their respective treatments. 
The microbial consortium was obtained from the mix of microorganisms capable of adapting 
to the presence of ametryn. For this purpose 1 mL of microbial inoculum was used at a concentration 
of 107 CFU/g of soil. As form of microbial biostimulation, was used Tween 80® surfactant, at 1% 
concentration for 50 g of soil. Were collected ten plants of T. pallida, before the inflorescence stage, 
for each treatment at the experimental garden of the Institute of Bioscience, UNESP, at the Rio Claro 
campus (Brazil). The assay was based on Rodrigues et al. (2015). 
For the test, the soluble fraction of the soil was used, as well as the concentration of 125.00 
μg/mL herbicide. To obtain the soluble fraction, 50.0 g of soil were weighed into a 250 mL flask and 
50.0 mL of deionized water were added and the flask was kept at 200 rpm for 1 hour. After this 
period, the vials were allowed to stand for 30 min and the supernatant was used alone. The plants 
were taken to the laboratory and placed in a beaker of 250.0 mL containing 100.0 mL of the soluble 
fraction of the soil contaminated by ametryn, in duplicate and with aerators. 
After 8 hours of exposure, the plants were removed from the contaminant and placed in 
deionized water for recovery and constant aeration. 
It was expected 24 hours of recovery in order to perform the harvest of the floral buds and 
fixed them in carnoy solution. After this period the tetrad and micronucleus were counted. Cells were 
stained with 0.2% carmine. The micronuclei present in each tetrad were counted. 
The carnoy solution was prepared with 300.0 ml of ethyl alcohol P.A. (Scientific Ex., Lot 
AE11896RA) and 100.0 ml of acetic acid P.A. (Dynamic, lot 57043). The solution was used shortly 
after preparation. Was used 0.77 μL of Methyl Methanesulfonate (Sigma-Aldrich-batch 
MKBH9900V) in 100.0 mL of deionized water, as the positive control. The solution was 
homogenized in a 250 mL volumetric flask. 
 Statistical analyzes of the results were performed using Kruskal-Wallis non-parametric test, 
considering a significant difference p ≤ 0.05, in order to evaluate the different types of treatments, 
since the data are not distributed normal. The analyzes were performed in BioEstat 5.0 software. 
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3. RESULTS AND DISCUSSION 
 
3.1 ASSAY WITH S. cerevisiae IN THE PRESENCE OF AMETRYN 
 Were obtained cell viability results, indicating the percentage of cells with survival capacity, 
even in the presence of a stress environment. In addition, number of live cells were obtained in order 
to be able to understand the decrease in the number of live cells in the presence of ametryn (Table 1). 
 
Table 1 - Number of live cells and % of cell viability in the presence of ametryn 
Herbicide's concentrations 
ametryn 
mg/mL 
Number of live cells - 107 
cells/mL 
% cell viability 
 
Negative control 5.30a  ± 0.55 100.00 
1.00 3.03b ± 0.34 93.82 
10.00 1.20c ± 0.28 82.15 
25.00 1.04c ±0.14 80.30 
50.00 0.90d ± 0.36 78.78 
75.00 0.75e ± 0.19 75.08 
100.00 0.64f ± 0.11 69.53 
 
 The toxicity test with yeast was simple and low cost. However, during the analyzes it was 
necessary to increase the concentrations in order to find the effective concentration (EC50). Gaytán 
et al. (2013), observed this deficiency in the S. cerevisiae toxicity test in which high concentrations 
of pesticide were required in order to assess the toxic effects due to resistance to numerous 
compounds.  
In relation the number of live cells, EC50 of 5.19 mg/mL was obtained. The herbicide ametryn 
hindered the development of S. cerevisiae with increasing concentrations. The cellular amount of S. 
cerevisiae decreased with increasing concentrations of herbicide. In relation to the negative control, 
there was a decrease of 42.83% for the concentration of 1.0 mg/mL, almost 50% of interference. The 
same was true for cell viability Gao et al. (2016) when evaluating toxic analyzes of multi-pollutants, 
observed that the test organism S. cerevisiae is less sensitive to ametryn compared to other test 
organisms, such as Escherichia coli and Bacillus subtilis, corroborating with the results obtained in 
this work. 
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3.2 ASSAY T. pallida IN THE PRESENCE OF AMETRYN IN SOIL 
 
 After finding the cell division stage in tetrad format, the micronucleus appearance was counted 
in each tetrad. 
 It was observed that the formation of micronuclei occurred when leaving T. pallida on 
exposure to the herbicide. Thus, there were possibly errors in DNA replication during cell duplication 
in the prophase I phase of meiosis, with the occurrence of mutagenic effects in the form of micronuclei 
(LEITE, ZANDONATO and FLUMINHAN, 2013; RODRIGUES, 1997). 
 The Figure 1, shows the frequency of micronuclei evaluated in the T. pallida mutagenicity 
assay before and after the incubation of soil contaminated with herbicide, as well as only the ametryn 
solution. 
 
 
Figure 1 - Assay mutagenicity with T. pallida in soil contaminated with ametryn. 
Legend: 
TA: Control soil 
TB: Soil + ametryn (125,00 μg/mL) 
TC: Soil + microbial consortium 
TD: Soil + ametryn (125,00 μg/mL) + surfactant 
TE: soil + surfactant 
TF: ametryn solution (125.00 μg/mL); Control (+) Methyl Methanesulfonate; Control (–) deionized water). Mn refers to 
micronuclei. 
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The micronucleus counting technique was presented in a simple and fast way to obtain the 
results, due to the high number of cells (SILVA et al., 2013). However, the collection of flowers 
should be very well observed in order to find the correct buttons, still in tetrad stage. 
 The T. pallida assay for the evaluation of the mutagenic potential of the ametryn was fast, 
easy to obtain and low cost. The plant has easy adaptation in any environment, as already observed 
by Teixeira and Barbério (2012), and the presence of the herbicide was very sensitive. The ametryn, 
after 132 days, caused mutagenic interference in T. pallida, both in soil application and without 
dilution, constituting the highest frequency of micronucleus appearance. However, with the 
application of surfactant and microbial consortium, the mutagenic effect decreased, resembling the 
control soil, which did not apply herbicide. Although mixed with the soil, ametryn caused similar 
mutagenicity to the herbicide without dilution, since the T. pallida assay is very sensitive to the 
presence of contaminant (TEIXEIRA and BARBÉRIO, 2012). 
 Thus, even after 132 days of incubation, the ametryn caused mutagenic effects on the plant. 
Such responses are worrisome, as they can cause damage to germ and somatic cells, which can result 
in hereditary diseases (DEARFIELD, 1998; TEIXEIRA and BARBÉRIO, 2012). Therefore, the 
necessity of the evaluation of the mutagenic properties for organic compounds, becomes more and 
more essential in order to employ measures for the bioremediation of contaminated areas (MIELLI, 
2008). 
 
4. CONCLUSION 
 
 The toxicity test with yeast S. cerevisiae is simple and inexpensive to perform, however for 
ametryn it had low sensitivity, making it difficult to obtain the results. 
 However, the mutagenicity test with T. pallida was very sensitive to ametryn, being able to 
quantify the appearance of micronuclei both of the herbicide in the soil and without the presence of 
the soil matrix. The mutagenic effects were decreased after incubation, resembling the control soil, 
probably due to the metabolism of the molecule by the microorganisms. 
  Thus, in order to understand the harmful effects of xenobiotics in the environment, it is necessary to 
use complementary experimental tests, to obtain more information on the performance of the 
contaminant in the biota.  
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